
. . -* 

Technical 

N64 10338 
rn€ 4 

Memorandum No. 33- 740 

Final Report on Mariner 2 
Temperature Control 

0. W. Lewis 

M. B. Gram 

R. J. Spehalski 
L. N. Dumas 

CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA. CALIFORNIA 

July 1, 1963 



Technical Memorandum No. 33-740 

4; Final Report on Mariner 2 
Temperature Control 

D. W. Lewis 

M. 6. Gram9 

R. J. Spehalski, 

L. N. Dumas 

Spacecraft Development V Section 

/ J E T  P R O P U L S I O N  L A B - O R A T O R Y  
C A L I F O R N I A  f N S T ! T U T E  O F  T E C H N O L O G Y  -' - -. y 7 A+ 2. 0 0 3 

P A S A D E N A .  C A L I F O R N I A  > 
July 1, 1963 -- 



Copyright 0 1963 
Jet Propulsion Laboratory 

California Institute of Technology 

Prepared Under Contract No. NAS 7-100 
National Aeronautics h Space Administration 



JPL Technical Memorandum No . 33-140 

CONTENTS 

I . 

II . 

I l l  . 
I v . 

V . 

VI . 

VI1 . 

Introduction .................................................................................................................................................... 

Design Philosophy ........................................................................................................................................ 

Design Details .............................................................................................................................................. 

Predicted Flight Performance ...................................................................................................................... 

Flight Performance ...................................................................................................................................... 

Analysis of Flight Performance .................................................................................................................. 

Conclusion .................................................................................................................................................... 

Appendix .................................................................................................................................................................. 

1 

2 

6 

8 

9 

11 

14 

15 

TABLES 

1 . Predicted and flight temperatures .............................................................................................................. 12 

A.1 . Sequence of significant flight events ......................................................................................................... 15 

FIGURES 

1 . Mariner R configuration showing temperature-control components: 

(a) Radiometer side .................................................................................................................................... 3 

(b) Long-range Earth-sensor side ............................................................................................................ 4 

A-1 . Solar intensity at Mariner Z spacecraft ...................................................................................................... 16 

A-2 . Mariner 2 louver position ............................................................................................................................ 16 

A.3 . Mariner 2 power boost-regulator temperature ............................................................................................ 17 

... 
I l l  



JPL Technical Memorandum No . 33-140 

FIGURES (Cont'd) 

A.4 . 
A.5 . 
A.6 . 
A.7 . 
A.8 . 

A.9 . 
A- 10 . 
A-1 1 . 

A- 12 . 

A- 13 . 

A- 14 . 

A- 15 . 
A- 16 . 
A.17 . 
A.18 . 
A.19 . 

A.20 . 

Mariner 2 propulsion-system nitrogen-tank temperature ........................................................................ 

Mariner 2 propellant-tank temperature ...................................................................................................... 

Mariner 2 Earth-sen sor temperature .......................................................................................................... 

Mariner 2 battery temperature .................................................................................................................... 

Mariner 2 attitude-control system nitrogen-tank temperature ................................................................ 

Mariner 2 4 A l l  and 4A12 solar-panel front temperatures ...................................................................... 

Mariner 2 4A1 1 solar-panel back temperature .......................................................................................... 

Mariner 2 electronic assembly I temperature (power boost-regulator and science assemblies) ...... 

Mariner 2 electronic assembly II temperature (transponder) 

Mariner 2 electronic assembly Ill temperature (data encoder and command) ...................................... 

Mariner 2 electronic assembly IV  temperature (CC&S and att i tude control) 

Mariner 2 electronic assembly V temperature (power and pyrotechnics assemblies) ........................ 

Mariner 2 lower thermal shield temperature 

Mariner 2 upper thermal shield temperature 

Mariner 2 plasma experiment temperature ................................................................................................ 

Mariner 2 antenna yoke temperature 

Mariner 2 infrored radiometer housing 

................................................................ 

...................................... 

............................................................................................ 

............................................................................................ 

........................................................................................................ 

...................................................................................................... 

17 

18 

18 

19 

19 

20 

20 

21 

21 

22 

22 

23 

23 

24 

24 

25 

25 

i v  



~ 

jPL Technical Memorandum No. 33-140 

ABSTRACT 

The basic principles and specific techniques of 
temperature control employed on the Mariner R spacecraft 
are presented. A chronological history of t h e  thermal 
aspects of t h e  Mariner 2 flight i s  given,including telem- 
etry data for monitored components. The significance of 
the data i n  terms of improving temperature-control tech- 

niques is discussed. 
Ilr#fdR 

1. INTRODUCTION 

Ultimately, t h e  temperature control of a spacecraf t  involves  a thermal radiation ba lance  of absorbed 

so lar  energy and radiant  energy lost to the heat s ink of space .  Solar  input  a n d  radiated energy wil l  vary from 

sur face  to  sur face  b e c a u s e  of differences in  shape  and in opt ical  properties. Moreover, a portion of t h e  

incident  s o l a r  energy wil l  be  converted to e lectr ical  energy and d iss ipa ted  i n  various spacecraf t  a s s e m b l i e s  

as  a funct ion of the operat ing mode. T h e s e  factors ,  along with rather  complex internal  heat-transfer 

parameters, determine the  spacecraf t  temperature distribution. 

T o  achieve  temperature control of the  Mariner R ,  a n  effort w a s  made to influence the design of the 

spacecraf t  in  such  a manner t h a t  each component would remain a t  an acceptab le  temperature throughout the 

mission.  T h i s  function w a s  so  intimately a s s o c i a t e d  with the d e t a i l s  of internal and external  spacecraf t  

des ign  t h a t  a l i s t  of the components of the temperature-control “system” must  implicitly include a con- 

s iderat ion of temperature e f fec ts  on spacecraf t  structure, mater ia ls ,  and assembly.  Sa l ien t  fea tures  of the 

Mariner R temperature-control sys tem include louvers ,  radiat ion sh ie lds ,  paint  pa t te rns  and sur face  f inishes ,  

and thermal conduction insulators .  

1 
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II. DESIGN PHILOSOPHY 

T h e  extreme difference in  s o l a r  intensi ty  a t  Earth and Venus - about 130 t o  250 w/ft2 - required 

that  temperature-sensi t ive components be i so la ted  from s o l a r  inputs  as far  a s  possible  ( s e e  Fig. 1). L a r g e  

var ia t ions in  temperature (approximately 90°F) would have  been experienced by a total ly  Sun-dependent 

object. 

Solar inputs  to  the b a s i c  hexagonal  enc losure  (hex) were minimized by shielding normally sunl i t  

sur faces ,  and t h e  h e a t  necessary  for maintaining internal  temperatures  w a s  suppl ied by the relat ively con- 

s t a n t  internal  power d iss ipa t ion .  S ince  t h e  potent ia l  heat l o s s  from external  radiating s u r f a c e s  w a s  much 

larger  than the  internal  e lec t r ica l  l o s s e s ,  exterior s u r f a c e s  of poor radiat ing qua l i t i es  (low emissivi ty)  were 

general ly  used. P a i n t  pa t te rns  were appl ied  as n e c e s s a r y  to increase  emissivi ty  near  regions of high power 

diss ipat ion.  Internal  s u r f a c e s  were blackened to maximize internal  transfer and to minimize assembly 

temperature  differences. An a c t i v e  device (louvers) w a s  included to vary t h e  effect ive emissivi ty  of one box 

face,  t h u s  further suppress ing  t h e  temperature r i s e  within the  hex. 

Temperature-sensi t ive components not enc losed  within the  b a s i c  hex  were considered individually. 

For the sc ien t i f ic  instruments ,  s o l a r  energy i n p u t s  were necessary  to maintain reasonably warm temperatures  

near  Earth,  which resu l ted  i n  la rge  Earth-to-Venus temperature r i ses .  T h e  design intent  w a s  t o  s ta r t  near  t h e  

lower temperature  l imit  a t  Earth to avoid excess ive ly  high encounter temperatures. T h e  s o l a r  p a n e l s  were 

designed to  opera te  at the  lowes t  poss ib le  temperature by maximizing the emissivi ty  of the  front and back 

s u r f a c e s  and by minimizing the temperature drop a c r o s s  the panel .  Pr ior  to Earth acquis i t ion,  the  Earth 

sensor  w a s  maintained a t  a safe temperature by a n  internal  heater. T h e  changing antenna hinge angle  during 

flight had  the undesirable  effect of changing the  so la r  input  to  the Earth sensor ,  but i t  w a s  felt that  by 

s ta r t ing  cold near  Earth a fair ly  la rge  temperature r i s e  could b e  tolerated by th i s  instrument. 

All  external  cabl ing and s t ructure  were t reated to  produce both a low s o l a r  absorpt ivi ty  and a low 

infrared emissivi ty .  T h e  low emissivi ty  provided for t h e  distribution of h e a t  a long t h e  s t ructure  by conduc- 

tion, t h u s  lead ing  to a more nearly isothermal condition. T h e  low absorptivity prevented an e x c e s s i v e  

spacecraf t  s o l a r  dependency by m e a n s  of absorbing so lar  energy that. could h a v e  been  conducted into the 

general ly  cooler  hex. 
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Fig. 1. Mariner R configuration showing temperature-control components: 

(b) Long-range Earth-sensor side 
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The spacecraf t  w a s  des igned  to  present  a highly ref lect ive sur face  t o  the Sun during the  normally 

Sun-oriented port ions of the  flight. T h i s  des ign  required that  the s i d e s  of the spacecraf t  b e  of fairly high 

s o l a r  absorpt ivi ty .  During midcourse maneuver t h e  s o l a r  input  on the sunl i t  s i d e  of the spacecraf t ,  combined 

with the  h e a t  from the midcourse motor, could b e  expected t o  cause a subs tan t ia l  increase  in  spacecraf t  

temperatures, b u t  the thermal capaci ty  of the  craft w a s  l a r g e  enough t o  l imit  the temperature r i s e  during the 

relat ively short  period of time involved. 

5 
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111. DESIGN DETAILS 

The most  important barrier to e x c e s s i v e  so la r  inputs  w a s  the upper  thermal shield, which cons is ted  of 

multiple l a y e r s  of aluminized Mylar supported on a F iberg las  honeycomb panel. An aluminized Teflon sheet, 

s e l e c t e d  for i t s  opt ical  propert ies  and i t s  res i s tance  to  degradation by ul t raviolet  radiation, covered the upper  

surface of the shield.  T h e  resu l t  w a s  a rigid, lightweight, and highly effect ive radiation sh ie ld .  It w a s  ant ic-  

ipated tha t  less than 2% of the  s o l a r  irradiation would be t ransmit ted through the sh ie ld  to the h e x  interior. 

A lower thermal sh ie ld  w a s  u s e d  to minimize h e a t  l o s s e s  from the bottom of the h e x  enclosure. The 

multiple l a y e r s  of aluminized Mylar were supported on a thin aluminum panel. High-temperature damage to  

the Mylar resul t ing from the f i r ing of t h e  midcourse motor w a s  prevented by facing t h e  inner s i d e  with aluminum 

foil. The h e a t  l o s s  through t h i s  sh ie ld  w a s  est imated t o  be about  five wat ts .  

The  louvers  on electronic  assembly I V  h t t i t u d e  Control and Central  Computer and Sequencer  (CC&S)] 

fulfilled two design requirements. F i r s t ,  they maintained temperature-critical guidance electronic  equipment 

within much c loser  l imi t s  than would otherwise h a v e  been  p o s s i b l e  with t h e  widely varying internal power 

-diss ipat ion of the  electronic  assembly.  Second, the louvers  provided a var iable  h e a t  valve, which compen- 

sated for out-of-tolerance temperature conditions c a u s e d  by unavoidable  or unforeseen factors. The  louver 

assembly cons is ted  of e ight  movable pol i shed  aluminum louvers ,  each individually ac tua ted  by a bimetallic 

element. The louvers  and ac tua tors  were mounted to the electronic  assembly with a support frame. With a 

r i s e  in  e lectronic  assembly  temperature, the bimetal e lements  rotated the louvers  to a more open position, 

increas ing  the  effect ive emit tance of the box face and increas ing  the  radiant  flux to space .  The  louvers  

were des igned  to be completely c losed  a t  60°F and fully open a t  90°F, with a hea t  loss in  t h e s e  pos i t ions  

of 3 and 38 w, respect ively.  The ent i re  louver assembly weight w a s  l e s s  than 2 lb. 

In addi t ion to the  above  hardware, the temperature-control design included the specif icat ion of 

f in i shes  for internal  and external surfaces .  Four  general  categories  of treatment a r e  given below: 

1. Structure and bracketry external to the bas i c  hex .  Superstructure, hex  support l e g s ,  and 

in te rcos ta l s  were gold-plated i f  magnesium or pol ished if aluminum. These f i n i s h e s  a r e  

poor emit ters  and poor absorbers  of thermal radiation, and as  such  they contributed 

l i t t l e  to the heat ba lance  of the s t ructure  to which they were conductively coupled. T h i s  

treatment also c a u s e d  the temperature of these members to  respond more s lowly 

6 



(longer time constant)  to the thermal perturbations t h a t  occurred during the Sun ac-  

quis i t ion and midcourse maneuver, when Sun at t i tude w a s  not maintained. External  

cabl ing w a s  included i n  the category. All  such  cabl ing w a s  wrapped i n  aluminized 

Mylar, which made  i t s  thermal behavior  s imilar  to  that descr ibed  above.  

2. Components entirely internal to the bas ic  hex .  Included in  t h i s  group were the midcourse 

propulsion system, t h e  electronic  subassembl ies ,  the internal  s u r f a c e s  of the  electronic  

assembly ,  and interconnect ing cables and connectors. These p a r t s  were all surfaced 

with p a i n t s  or conversion coa t ings  tha t  made them good thermal radiators .  The resu l tan t  

high internal  h e a t  f luxes  reduced temperature differences within the hex. 

3.  The s i x  electronic as sembl i e s .  The electronic  a s s e m b l i e s  were t rea ted  i n  accordance  

with the internal  power d iss ipa t ion  of each. Assembl ies  with high internal power were 

provided with a good radiat ing sur face  (ZW-60 white  paint), whereas  low internal  power 

a s s e m b l i e s  were provided with pol ished aluminum s h i e l d s  to  minimize the h e a t  l o s s .  

The effect  of t h i s  treatment w a s  to  further reduce temperature differences within the hex. 

4. Nonstructutal components external to the basic hex .  Science  experiments, Sun s e n s o r s ,  

and  the attitude-control nitrogen sys tem are  examples. For these i tems  p a s s i v e  thermal- 

control techniques  were used ,  i n  that  sur face  f i n i s h e s  were spec i f ied  which ba lanced  

internal  power p l u s  absorbed so lar  energy with thermal radiation and conduction losses 

to  a c h i e v e  des i red  temperatures. 

7 
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IV. PREDICTED FLIGHT PERFORMANCE 

The design of  the Mariner R did not lend i t se l f  t o  comprehensive analyt ical  temperature predict ions.  

The  diff icul t ies  i n  generating a rea l i s t ic  mathematical model, coupled with uncertaint ies  in  surface propert ies  

and electr ical  power distribution, would h a v e  resu l ted  i n  unacceptably large temperature uncertaint ies .  In 

view of t h i s  lack of analyt ical  confidence, a number of thermal t e s t s  were performed us ing  a ful l -s ized s p a c e -  

craft in  the most  r e a l i s t i c  simulation of the  s p a c e  environment avai lable .  T h i s  spacecraf t ,  the  Temperature 

Control Model (TCM), w a s  s t ructural ly  ident ical  to the flight model, but res i s tors  were subst i tuted for  flight 

e lec t ronics  to s imulate  internal power diss ipat ion.  Tests were carried out in both the 6 by 7 ft vacuum 

chamber and the 25-ft s p a c e  simulator, but in  nei ther  of t h e s e  chambers w a s  adequate  so la r  simulation 

avai lable .  Accordingly, res i s tance  h e a t e r s  encased  in thin rubber s h e e t s  were appl ied to sunl i t  s u r f a c e s  to 

s imulate  s o l a r  heating. The f inal  thermal des ign  w a s  based on the  resu l t s  of t h e s e  tests. 

8 
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V. FLIGHT PERFORMANCE 

T h e  prelaunch Atlant ic  Missi le  Range act ivi ty  pertinent to temperature control of the Mariner R 

involved final thermal preparation and the monitoring of spacecraf t  temperatures  during the var ious electr ical  

t e s t s  and checks.  F i n a l  thermal preparation cons is ted  of insuring that  all spacecraf t  s u r f a c e s  conformed t o  

the temperature-control design.  All  sur faces  were meticulously cleaned where poss ib le ,  but repaint ing of 

some a s s e m b l i e s  w a s  requited. Spacecraft temperatures  were monitored during the var ious e lec t r ica l  tests, 

and c h e c k s  were made to insure  that  no out-of-tolerance temperature condi t ions were experienced. A con- 

tinuous log of spacecraf t  and environmental temperatures  w a s  maintained. In t h i s  way, a “normal thermal 

condition” w a s  es tab l i shed  aga ins t  which spacecraf t  temperatures  were checked during countdown as a n  a i d  

in de tec t ing  any abnormal condition. 

Pr ior  to launch,  Mariner 2 temperatures had s tab i l ized  a t  predicted leve ls ,  cons is ten t  with previous 

countdowns and  t e s t s .  The  environment within the shroud w a s  maintained at 70’F by means  of the  air- 

conditioned shroud cool ing blanket. Spacecraf t  temperatures  a t  launch ranged from 70 to 109’F. 

The immediate post launch environment of increased  internal  power, l ack  of Sun at t i tude,  and aero- 

dynamic hea t ing  forced spacecraf t  temperatures upward. Two hours  af ter  launch,  temperatures  were slowly 

d e c r e a s i n g  By 8 hr a f te r  launch, temperatures had essent ia l ly  s tab i l ized  with a n  average hex  temperature of 

84’F. 

Temperatures  remained essent ia l ly  constant  from t h i s  time unt i l  midcourse maneuver. At tha t  time, 

because  of increased  internal power, a s ignif icant  h e a t  input  from the propulsion sys tem,  and a lack  of Sun 

orientation, the spacecraf t  h e x  experienced a n  average r i s e  i n  temperature of 20’F. Within 10 hr a f te r  mid- 

course, temperatures  had decayed  to pre-midcourse maneuver values .  T h e  maximum and minimum temperatures 

measured during the midcourse maneuver were 130 and 72’F as experienced by t h e  midcourse nitrogen tank 

and upper thermal shield,  respect ively.  

After midcourse maneuver, Mariner 2 temperatures  increased  through encounter with except ions as 

given below. Two except ions  were the Earth s e n s o r  and the  antenna yoke, which cooled to 85’F on October  

27, 1962; then increased  s teadi ly  in temperature. T h i s  behavior  was a consequence of variable  shading  of 

t h e s e  p a r t s  as t h e  an tenna  hinge angle  changed. 

’Day 300. 
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On October  31, 1962: a solar-panel malfunction followed by an "off-science" condition resu l ted  in a 

temperature decrease  of the ent i re  h e x  of about 5'F. Par t icu lar ly  affected were the booster  regulator, battery, 

and s c i e n c e  electronic  assembly,  which dropped 9, 5, and 8'F, respect ively.  T h e  temperature drops were a 

direct  resul t  of a d e c r e a s e  i n  power d iss ipa t ion  within the hex.  Eight  days la ter ,  the so la r  panel  returned to 

normal operation, and  cru ise  s c i e n c e  w a s  reactivated. Within 8 hr, temperatures had  regained the  decrement  

3 dropped af ter  the  malfunction. On November 15, 1962, another  solar-panel malfunction occurred. However, 

cruise  s c i e n c e  w a s  not  commanded off, and temperatures  were only slightly affected. Solar-panel front 

temperatures dropped 2'F; booster  regulator temperature dropped 3'F. 

Temperature measurements  were not teleme tered during the encounter mode, but temperatures  

measured before and af ter  encounter  were compared to determine the thermal inf luence of Venus on  the  s p a c e -  

craft. Both the battery and  the  power assembly indicated a 2'F temperature r i s e  when the c ru ise  mode w a s  

resumed. Both of these a s s e m b l i e s  faced Venus during encounter, but par t  of the temperature r i s e  resu l ted  

from increased  internal  power. 

After encounter, spacecraf t  temperatures  continued to r i s e  slowly until December 28, 1962! a t  which 

time the spacecraf t  had reached i t s  c l o s e s t  point  of approach t o  the Sun. Before the slowly decreas ing  s o l a r  

intensi ty  could resu l t  i n  lower temperatures ,  however, a CC&S casua1t.y on December 30 

e lec t r ica l  eff ic iency within the spacecraf t .  T h e  resu l t  w a s  a sharp  r i se  i n  internal  power d iss ipa t ion ,  which 

caused  h e x  temperatures  to  r i s e  gradually over  the following 3 days.  By January 2, 1963: the following 

temperature r i s e s  had occurred: booster  regulator, 9'F; propulsion sys tem nitrogen tank,  8'F; propel lant  tank, 

5°F; battery, ?OF; electronic  assembly I, 3'F; e lec t ronic  assembly  11, 3'F; electronic  assembly  111, 3'F; 

electronic  assembly  IV, 5'F; electronic  assembly V, 17'F; upper thermal sh ie ld ,  2'F. The last  data received 

before s p a c e c r a f t  fa i lure  on  January 3 

5 c a u s e d  a lowering of 

7 indicated no change in temperatures  during the previous 17 hr. 

2Day 304. 
3Day 319. 
4Day 362. 
'Day 364. 
%ay 002. 
'Day 003. 
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VI. ANALYSIS OF FLIGHT PERFORMANCE 

T h e  Mariner 2 flight w a s  notable  for the virtually universal high temperature condition of the space-  

craft. Temperatures  near  Earth exceeded expectat ions by as much as N°F; those  n e a r  encounter were as 

much as 75’F high. Indeed,  the only monitored temperatures tha t  behaved as expected were t h o s e  of the  

so la r  pane ls .  Pred ic ted  and  actual  temperatures a re  given i n  Table I. The s e q u e n c e  of s ignif icant  flight 

events  and p lo ts  of temperature and  da ta  number a s  a function of time are  included in Appendix A. 

There a r e  four general  categories  into which poss ib le  c a u s e s  for the  high temperature condition can  

be grouped: 

1. 

2. 

3. 

High internal power diss ipat ion.  Although erroneous predict ions for individual com- 

ponents  may have  been made, i t  i s  fe l t  tha t  no great over-all dispar i ty  between expec ted  

and actual  power diss ipat ion exis ted.  

High solar  heat input. T h e  fact  tha t  the  temperature r i s e  between Earth and  Venus w a s  

subs tan t ia l ly  higher than expected s u g g e s t s  that t h i s  effect w a s  at least par t ia l ly  to 

blame for the warm condition. Two known contributions of s o l a r  input  to the spacecraf t  

were neglected in  preflight tes t ing  b e c a u s e  of the nature  of the t e s t s .  One effect  w a s  

tha t  of ref lected so la r  irradiation. For example, the energy incident  on hex  f a c e s  t h a t  

w a s  ref lected from in te rcos ta l s  and legs w a s  not provided for by the hea ter  pad approach. 

Direct  s o l a r  inputs  were e a s i l y  s imulated by simply applying the appropriate h e a t  to  

sunl i t  a r e a s ,  but any s imilar  treatment of ref lected sunl ight  w a s  s o  difficult as to be 

prohibitive. Another such  effect  w a s  the conduction of h e a t  into the h e x  from sunl i t  

s t ructural  members. T h i s  effect, not s imulated because  of the  smal l  energ ies  involved 

and the  difficulty in implementation, w a s  aga in  “in the wrong direct ion”.  Also,  the  

degradation of white pa in ts  and  the  upper  thermal sh ie ld  because  of ul t raviolet  

irradiation over the course of the  flight caused  an increase  in  total  spacecraf t  so la r  

absorptivity. 

Lowered emiss iv i t ies .  Any contamination of pol ished s u r f a c e s  by oil,  dirt,  etc.,  c a u s e s  

a n  increase  i n  emissivi ty  and  h e n c e  i n  heat radiat ing capability. The e x a c t  nature  a n d  

degree of contamination of spacecraf t  sur faces  i n  vacuum chambers  has proved difficult 
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to  assess, although certainly oil contamination i s  known t o  occur  from time t o  time. In 

any  c a s e ,  i t  is p o s s i b l e  tha t  the “cleaning” act ion of the hard vacuum of s p a c e  lowers  

e m i s s i v i t i e s  to  such  a degree  t h a t  higher temperatures  resul t .  

4. Inadequate thermal t e s t  mockup.  Some of the diff icul t ies  encountered i n  preflight 

thermal t e s t s  have already been mentioned. An additional source  of error w a s  t h e  

loca l iz ing  (in heater  pads)  of dis t r ibuted so la r  inputs  and the poss ib le  unbonding of the 

h e a t e r s  from the spacecraf t  surface.  Both of these  factors  could have caused  local  

“hot-spots” that  radiated heat away a t  high temperatures, thereby crea t ing  ar t i f ic ia l ly  

low temperatures  within the spacecraf t .  

13 
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VII. CONCLUSION 

Despi te  the  warmth with which Mariner 2 greeted outer  s p a c e ,  the thermal des ign  proved to be 

fundamentally sound. The louvers  performed wel l ,  decreas ing  the  average hex  temperature excursion by 12 

to 15'F. All temperatures  s t a y e d  within l imi t s  during the  cr i t ical  midcourse maneuver. 

P r e s e n t  t e s t  techniques,  however, have  been shown to be inadequate  for the  requirements  of 

planetary missions.  A large s tore  of flight data, which should prove invaluable in the temperature control of 

future generat ions of spacecraf t ,  h a s  been col lected.  
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APPENDIX 
Mariner 2 F l i g h t  Data 

- 

Day 
- 

239 

24 1 

246 

247 

- 

Estimated 

time (GMT) 

06:53:14 
06:58: 14 

... 

... 
_.. 
.__ 

07:21:53 
07:37:04 

07:38:07 
07:53:07 
07:55:35 
07:58:35 
16: 13:OO 

05:29:14 
05:29:14 
05: 29: 14 
05:29:14 
05:29:14 
05:58:58 
05:58:58 
05:58:58 
05:58:58 

22:49:42 

22:49:42 
22:49:42 

22:49:42 
23:49:00 

T a b l e  A-1. Sequence o f  s ign i f i can t  f l i g h t  events 

Event 

L i f t o f f  

4rlos-dgc-na separation 

First  Agenn ignition 

First  Agena burnout 

Second Ageno ignition 

Second Agena burnout 

Spacecraft-Agena separation 

Unfold solar panels and unlatch 

radiometer 

Solar panels unfolded 

Ini t ia l  Sun acquisition 

Sun acquired 

Gyros turned off 

Transmitted RTC-8 (cruise science on) 

Init ial Earth ocquisition 

Eorth sensor power turned on 

Gyros turned on 

Cruise science turned off 

Init iate rol l  search 

Earth acquired 

Rol l  search stops 

Gyros turned off 

Cruise science turned on 

Transmitted RTC-6 (init iote midcourse 

moneuver sequence) 

Accelerometer turned on 

Gyros turned on 

Cruise science turned off 

Roll turn sequence begins 

D.Y 

248 

304 

312 

313 

343 

346 

348 

364 
003 

Estimated 

time (GMT) 

00:01:00 
00:23:00 
00:23:00 
00:23:31 
00:27:00 
0 0 3  
00:34 
00:34 
02:07:53 
02:34 

05:30 
20:28 

01:oo 
21:26 

12:22 

23:20 

20:Ol 

... 

13:35 

20:39 

17:28 
07:OO 

Event 

Pi tch turn sequence begins 

Motor burn sequence begins 

Commond motor ignition 

Commond motor shutoff 

Sun reacquisition 

Sun reacquired 

Gyros turned off 

Cruise science turned on 

Earth reacquisition 

Earth reacquired 

Power failure 

Transmitted RTC-10 (cruise science off) 

Power system operating normally 

Transmitted RTC-8 (cruise science on) 

Power h i  lure 

Dato encoder malfunction 

CCLS failure 

Encounter phose sequence 

Transmitted RTC-7 (encounter telemetry mode) 

Transmitted RTC-8 (cruise science on) 

CC&S or power system failure frequency shift 

Spocecroft's lost received signol 

15 



JPL Technical Memorandum No. 33-740 



JPL Technical Memorandum No. 33-140 

DAY OF YEAR 1962, 1963 

Fig. A-3. Mariner 2 power boost-regulator temperature 

DAY OF YEAR 1962, 1963 

Fig. A-4. Mariner 2 propulsion-system nitrogen-tank temperature 
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Fig. A-6. Mariner 2 Earth-sensor temperature 
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DAY OF YEAR 1962, 1963 

Fig. A-7. Mariner 2 battery temperature 

Fig. A-8. Mariner 2 attitude-control sys tem nitrogen-tank temperature 
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Fig. A-9. Mariner 2 4 A l l  and 4A12 solar-panel front temperatures 
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Fig. A-10. Mariner 2 4 A l l  solar-panel back temperature 
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DAY OF YEAR 1962, 1963 

Fig. A-1 1. Mariner 2 electronic assembly I temperature (power boost-regulator and science assemblies) 
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Fig. A-12. Mariner 2 electronic assembly I1 temperature (transponder) 
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DAY OF YEAR 1962, 1963 

Fig. A-13. Mariner 2 electronic assembly 111 temperature (data encoder and command) 

Fig. A-14. Mariner 2 electronic assembly IV temperature (CC&S and attitude control) 
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F i g .  A-15. Mariner 2 electronic assembly V temperature (power and pyrotechnics  a s s e m b l i e s )  

IO 240 

DAY OF YEAR 1962,1963 

Fig. A-16. Mariner 2 lower thermal shie ld  temperature 
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Fig. A-17. Mariner 2 upper thermal shield temperature 

DAY OF YEAR 1962, 1963 

Fig. A-18. Mariner 2 plasma experiment temperature 
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DAY OF YEAR 1962, 1963 

Fig. A-19. Muriner 2 antenna yoke temperature 

DAY OFYEAR 1962, 1963 

Fig. A-20. Mariner 2 infrared radiometer housing 

25 


